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Introduction
The strong impact of climate change on wine production is widely recognized (Stock et al., 2005) . In fact, wine grape yield and quality are largely dependent on climatic conditions, particularly during the growing season (Urhausen et al., 2011; van Leeuwen et al., 2004) , while weather fluctuations are likely to occur over the thirty years of a vineyard life cycle. Among the many climatic factors affecting wine production, temperature appears to be most important (Ruml et al., 2012) . Sustained higher temperatures can have a negative impact on grape and wine quality, while relatively constant intermediate temperatures and minimal day to day variability during the months of growth and ripening, are beneficial (Gladstones, 1992) . Precipitation and its seasonal distribution are also very important, as water is crucial for the vine at the beginning of the growing season, from budburst to inflorescence development, while dry, stable conditions are needed from flowering to ripening (Ramos et al., 2008) .
The main effects of climate change on wine production entail increasing incidence of plant diseases, variations in sugar and alcohol content (thereby, in chemical and organoleptic characteristics of wine), leaching out and soil erosion (Ashenfelter and Storchmann, 2014; Anderson et al., 2008) , which in turn have strong repercussions on firm competitiveness and profits (Anderson, 2017) .
Indeed, an increasing number of studies are focused on the most appropriate adaptation practices and strategies to maintain the vitality of the wine industry (Mozell and Thach, 2014, Nicholas and Durham, 2012) , as well as the potential adoption of adaptation and mitigation behaviors (Camanzi et al., 2017; Niles and Mueller, 2016, Sacchelli et al., 2016) .
The factors affecting farm adaptive capacity are both intrinsic (such as producer age and educational level) and extrinsic (such as the institutional, political and climatic conditions) (Reidsma et al., 2009; Vincent, 2007) . Nevertheless, adaptive capacity is also affected by the willingness of farmers to change their behavior (Niles and Mueller, 2016) and by producer perception with respect to environmental sustainability and the impacts of climate change. The most highly accredited definitions of adaptive capacity do consider the subject of behavioral change (Reidsma et al., 2010; Smit and Wandel, 2006) . However, the issues of producer perception on environmental sustainability and the impacts of climate change have not been given sufficient attention in the scientific literature (Niles and Mueller, 2016; Lereboullet et al., 2013) .
Notably, adaptation is often conceptualized as a site-specific phenomenon. In fact, many authors call for more local-level analyses to have a better understanding of the fundamental processes underlying adaptation and for better targeting adaptation policies by national and local governments (Below et al., 2012; Smit and Wandel, 2006) . However, as Vincent (2007) has rightly claimed, there is a need for a method to assess the adaptive capacity, which is specific enough to capture local variation and yet, transferable to other sites.
This research investigated the main drivers for the adaptive capacity in the wine industry at a local level that will support wine makers in their efforts to maintain and improve their productivity in a long-term perspective. Specifically, the study provides:
an evaluation of the short and long-term adaptation measures during sensitive years; a measurement of the agronomic and economic impact of climate change during sensitive years; an assessment of the relationship between adaptation drivers, agricultural practices, farm strategies and their impacts in the wine sector.
The remainder of the paper is structured as follows. In section two we lay down the conceptual framework of the study and we formulate a set of research hypotheses concerning the relations between (i) adaptation drivers, (ii) adaptation practices and strategies and (iii) economic and agronomic impacts. Section three describes the methods and data used in the study. More precisely, a Bayesian Network approach, which allows to weigh climate change impacts in probabilistic terms and to assess the relation between the different variables, is adopted and calibrated through a farm survey conducted on a convenience sample of 56 wine growing and wine making farms on a particular case studythe Sangiovese wine in the Emilia-Romagna region (Italy). Finally, the results of the study are presented and discussed in Section 4.
Conceptual framework
Drawing from the definitions proposed by Belliveau et al. (2006) and Fraga et al. (2012) , in this study we refer to adaptive capacity as the ability of a system to recover or adapt to changing local external conditions, reducing their negative impacts through the possibility to implement adaptation practices in a short-term perspective (reactive adaptation practices), and anticipating future impacts and changes with long-term strategies (adaptation strategies).
The conceptual framework proposed draws upon two main theoretical approaches: Behavioral Economics (Artikov et al., 2006; Hu et al., 2006) and the Natural Resource-Based View of the firm (NRBV) (Hart, 1995) . Behavioral Economics can explain the intentions for adopting specific adaptation practices and strategies in the context of climate change. In fact, research using environmental behavior theories has demonstrated the association between beliefs, knowledge of an environmental issue, and behavioral change (Ajzen, 1991) . With regard to climate change, perception of personal experience affects belief in climate change and adoption (intended or actual) of climate adaptation and mitigation behaviors (Spence et al., 2012; Broomell et al., 2015) . The NRBV theoretical approach traces the link between environmental actions and profit and focuses on the capacity of farms to gain competitive advantages, while coping with the challenge of irreversible environmental change (Michalisin and Stinchfield, 2010) . Some authors (Cuerva et al., 2014; Hadjimanolis, 2000) highlighted the role of firm characteristics and resource availability (natural resources and human capabilities) as determinants of technological innovativeness in small firms. The former include entrepreneurial culture, informal processes and flexibility; the latter relate to technological information, machinery adaptation and design capability. Further, farms that choose more sustainable business philosophies are more likely to be successful due to resource preservation, production optimization and environmental protection (Graedel and Allenby, 2002) . "Environmental" actions are considered one of the most rational business behaviors in terms of increased efficiency, protection of nature, future security and sustainability. Moreover, they are also essential to communicate with environmental organization and to educate consumers (Banerjee, 2002; Fraj-Andrés et al., 2009) , winning their confidence and support to increase sales of goods or services (Genç, 2013) . The association between environmental initiatives and organizational performance has been analyzed in several studies (Orlitzky et al., 2003) and a positive relationship has been demonstrated (Genç, 2013) . Examples of environmental actions related to climate change include the reduction of greenhouse gas emission and the use of energy from renewable resources (Hart, 1995) .
For small enterprises, Aragón-Correa et al. (2008) indicate that the adoption of proactive environmental practices leading to superior financial performance (i.e. reduced costs) "is associated with specific organizational capabilities based on their unique strategic characteristics of shorter lines of communication and closer interaction, the presence of a founder's vision, flexibility in managing external relationships, and an entrepreneurial orientation". Size is a relevant but not a deterministic condition for developing the most proactive environmental strategies.
Drawing from previous studies, López-Gamero et al. (2009) argue that "there is a positive relationship between early investment timing and intensity of involvement in environmental issues and the adoption of proactive environmental practices that involve better firm performance (…) in terms of costs and differentiation". The two groups of items used to measure the extent to which firms were proactive in environmental management include both organizational aspects and technical aspects of environmental management.
Finally, Hart and Dowell (2011) highlight the need for "a focus on innovation and future positioning as the metric for success" as well as the importance to develop "abilities to deal with areas of knowledge that are uncertain, constantly evolving, and dynamically complex".
In light of the literature reviewed, the first research hypothesis formulated concerns the linkage between farm characteristics, producer perceptions of climate change and adaptive capacity (Fig. 1) . Previous studies showed that the capacity of wine-growing farms to implement effective adaptation actions depends on their socio-economic characteristics (Bernetti et al., 2012) , such as type of business, size, financial availability, and available technology (Olesen et al., 2011) . In addition, farmers' adaptation is linearly dependent on their perception of external climate variables (Belliveau et al., 2006) . Hence, we stated the following research hypothesis:
H1. Do farm characteristics and producer perceptions of climate change affect farm adaptive capacity acting on the possibility to implement reactive adaptation practices?
The second research hypothesis considered links reactive adaptation practices, environmental actions and magnitude of climate change impacts. According to Antle et al. (2004) , vulnerability of an agricultural system depends on the degree of adaptation, with a negative relation in "non-adaptation" scenarios and a positive relation in "adaptation" scenarios. A recent review by Nicholas and Durham (2012) concluded that the ability of agriculture to adapt to climate change can increase considerably, within acceptable heating ranges, applying the right agricultural practices and using existing technologies. Based on these considerations and following Below et al. (2012) , we expect that farmers applying a large number of effective practices can better respond to climate change, thereby reducing its impacts at both agronomic and economic levels.
Moreover, some authors have indicated that farms with more sustainable business philosophies are more successful than those simply oriented to the environment in a more passive manner (Graedel and Allenby, 2002) . In fact, a positive relationship between environmental and financial performance has been demonstrated, especially for largescale farms, in various studies (Genç, 2013; Orlitzky et al., 2003) . For the purposes of this study, we choose to assess the environmental actions detecting the environmental and process certifications (Organic farms and ISO certification) and the sustainability practices (renewable energy, water reuse, recycling, etc.) implemented by producers. Hence, we state the following research hypothesis:
H2. Do the type and/or number of adaptation practices and environmental actions reduce the negative impacts of climate change?
The third research hypothesis investigated considers the between farm characteristics, producer perceptions and local climatic variability, with adaptive capacity of the farm in a long-term perspective, considering the producer's intention to implement adaptation strategies.
Besides the structural characteristics of farms and producer perceptions, in a context of climate change it is necessary to take into account the local characteristics of the system (Smit and Wandel, 2006) . In particular, local climatic conditions can strongly influence both, the choice of adaptation practices and long-term strategies to implement as well as the risks and impacts that farms face. The vulnerability of the system is represented by local characteristics and external climate variables (O'Brien et al., 2004; Smit and Wandel, 2006) . Precipitation and temperature are factors that can influence the adoption of specific agricultural practices (Gbetibouo, 2009; Deressa et al., 2009 ) and the change in the short-term pattern directly influences the day-by-day adaptation, while we expect long-term climatic variability to strongly influence the choice to implement permanent strategies. Hence, we state the following research hypothesis:
H3. Do farm characteristics, producer perception of climate change and climatic variability experienced at the farm level affect the intention to implement adaptation strategies?
In conclusion, the conceptual framework proposed examines the relationship among intrinsic factors (environmental actions, perception of climate change and farm characteristics) and extrinsic factors (climatic variability) affecting farm adaptive capacity in terms of both short-term impacts of climate change and adaptation practices, and long-term adaptation strategies ( Fig. 1 ).
Data and methods

Bayesian network
A Bayesian network (BN) is a semi quantitative approach that facilitates learning about causal relationships between variables, integrating social, ecological and economic factors (Bromley et al., 2005) to assess the process of adaptive management (Smith et al., 2007; Richards et al., 2013) . BN represent a system through a series of variables joined by causal links. They provide a qualitative conceptual representation of cause and effect, and then quantify the strengths of those relationships through conditional probability tables (CPTs) (Ticehurst et al., 2011) .
The Bayesian Network approach was chosen in order to provide an overall assessment of the cause-effect relationships between a large number of variables at once. Thus, the BN model was built starting from the conceptual framework depicted in Fig. 1 and the assumptions underlying the structure of the BN are listed in Table A1 in the Appendix. Then, The BN was populated by empirical data using the Netica software. In particular, farm characteristics, climate change perception, environmental actions (these three variables resulted from cluster analysis) and the two indices of climate variability were used as initial inputs of the model. These nodes may affect differentially the implementation of short-term (reactive) practices, and long-term (structural) strategies. Short-term practices were considered separately in the case of dry, rainy, and hot years. Finally, we assessed the effect that the combination of environmental actions and practices on the agronomic and economic outputs of the farm, in particular on yield, alcohol content and costs.
Data collection
Since adaptive capacity is a complex, multidimensional phenomenon usually composed of several components that aggregate indicating variables, Hinkel (2011) suggested that it should be analyzed for well-defined systems, where variables are available to develop deductive reasoning. Following this approach, we decided to focus the empirical assessment of farm adaptive capacity in a specific case study area, subject to climate variability, the Emilia-Romagna region (Antolini et al., 2016; Busuioc et al., 2008) .
The Emilia-Romagna region is an important, traditional wine producing territory in Italy, home of about 5,090 wineries and 23,000 wine-growing farms with an average vineyard area of 2.2 ha, for a total of 55,929 ha (ISTAT, 2010) . It is among the first three Italian regions for the production of wine with 8.7 million hectoliters produced (about 17% of the whole Italian production) in 2016, The prevalent wine production in the region is represented by 'Sangiovese', a highly sensitive grape to climate change effect. The area mainly specialized in the production of 'Sangiovese' is the Romagna area, in the southeast (Fig. 2) . Sangiovese is one of the more iconic vine varieties in Italy, being cultivated in several regions. "Sangiovese di Romagna" has been certified with the DOC label since 1967. In Romagna, wine farms are geographically close and the interaction leads to an increase in the level of innovation by individual farms through the exchange of knowledge (Pouder and St. John 1996) . Climate change has been largely studied in the region, especially for its impacts on the agriculture sector. In particular, the change is represented by hotter temperatures, decreasing precipitations (especially in mountain and hilly areas) and increase in extreme events. In particular, since 2001 the southern area of the Region (Rimini province) experienced a high thermal variability, directly correlated with the presence of water stress phenomena. On the other hand, the hilly and pre-hill areas not adjacent to the coast (provinces of Forlì-Cesena, Faenza, Imola and Bologna) recorded high water surplus values in the period of ripening of the grapes, entailing a considerable reduction in the quality and volumes of wine obtained (especially in 2017).
The study targeted heterogeneous information, including climatic, technical and economic data which we collected from both secondary and primary sources.
Climatic data include data at regional and at the vineyard levels. Monthly data concerning minimum and maximum temperature and precipitation for the period 2001-2016 were gathered from the climate records of the Emilia-Romagna Regional Authority and the database of the Regional Agency for the Protection of the Environment and Energy (ARPAE). Then, the average values of temperature and precipitation have been calculated at regional level to define the three years most affected by different effects of climate change in the last 15 years; thus, the rainiest, hottest, and driest years of the period have been identified. Among these, 2003 was the hottest year, 2012 was the driest year and 2014 was the rainiest year.
Minimum, average and maximum temperature and precipitation have been collected at the nearest weather stations to the vineyards of each farm. Geographical coordinates of the vineyards were provided by the Emilia-Romagna regional agency for intervention in agriculture 'Agenzia per le Erogazioni in Agricoltura' (AGREA). These coordinates allowed the classification of the wine farms involved in the research, on the basis of temperature and precipitation variability.
Technical and economic data were collected by means of a mixed-mode survey (administered by email, by telephone and face-to-face) conducted on a selection of wine farms in the study area described above. For the purposes of the study, the survey was targeted only to professional farms (i.e. those with at least two hectares of vineyard) producing Sangiovese in their own cellar. With the collaboration of local Consortia and Certification bodies, 190 farms were identified as the reference statistical population of the survey and requested to participate in the survey. Among these, 59 agreed to participate and 56 questionnaires were appropriately completed (29.5% response rate). Hence, the sample provides significant evidence of the phenomena investigated within the region.
The questionnaire was divided into four main sections:
(1) The perception of the wine growers with respect to environmental sustainability and the impacts of climate change. (2) The reactive adaptation practices and long-term adaptation strategies. Adaptation practices include cultivation practices (phytosanitary treatment, leaf removal); soil management (irrigation, soil preparation etc.); harvesting practices (mechanical, manual); harvesting date (upfront, postponed), and winemaking process (selected yeasts, blend). Adaptation strategies considered are mainly related to the producer's intention to move, in the near future, to new rootstocks, new varieties, or to change farming practices. (3) The effects of climate change on vine and wine production investigated on the basis of the historical records of the Both open-ended questions and closed-ended questions were included in the questionnaire. Most of them where assessed with a five-point Likert scale to gather attitudinal or preferential data from respondents.
Data analysis
In order to assess interviewees' awareness of changing climatic conditions and to check their accuracy in reporting the information targeted in the questionnaire, they were required to indicate three vintages corresponding to extreme climatic conditions in the 2001-2016 time period. Most interviewees correctly indicated the three years that had been already identified as the most sensitive ones, based on the data provided by the Emilia-Romagna Regional Authority and ARPAE.
The reliability of their answers concerning the practices adopted and the economic performances obtained in each year is reinforced by two further elements. First, all the interviewees report that they keep written records of their activity. Secondly, none of them choose the "don't know/ don't remember" option that was available for each item in the questionnaire.
As a second step, the surveyed farms were classified based on the climatic variability observed in wine growing areas of each farm. Climatic variability was assessed by means of the standard deviation of the variables listed below reported for the vineyards of each farm:
Winkler index (Jones and Schultz, 2016) , calculated for the vegetative period of the vine (April-October);
water surplus values, calculated for each farm during the most critical time period for the grapes: the ripening (September-October).
The 56 wine farms were classified on the basis of the median of the standard deviation values for these climatic variables. Wine farms with values above the median were classified as "high variability", while those with values below the median were classed "low variability".
As a third step in the analysis, we searched for homogeneous groups of farms based on drivers that may affect farm adaptive capacity. Three cluster analyses, conducted through SPSS software, subdivided the sample in relation to the specific groups of variables, based on the drivers that influence the farm adaptive capacity analyzed before: characteristics of wine and wine making farms, climate change perception and environmental actions (the list of drivers is displayed in Table 3 ). A two-step clustering process was used for variables representing farm characteristics and environmental actions groups (since they are both categorical, and non-categorical), while the agglomeration hierarchy algorithm with the full link, square Euclidean distance method was used in the case of the climate change perception group (binary data).
Finally, both the classification of farms based on climatic variability (i.e. Winkler index and water surplus) and the results of the three clustering procedures performed were be used as the basis to present the results of the BN (see Fig. 1 ).
Further insights on the statistical significance of the relationships between specific variables were provided by means of Chi-squared tests.
Results and discussion
Overall sample characteristics
The information collected show that on average farms surveyed are small-sized (18 ha) with a limited use of mechanized harvest (42%) while the large majority of them (80%) follow sustainability practices, such as sustainable water management, renewable energy system, etc.
Overall, producers reported to be aware of the ongoing change in climatic conditions and identify temperature and rainfall as the environmental factors that mainly affect wine production, in accordance with the assumptions of the study.
As far as adaptation practices are concerned, the results of the survey point out that the largest variations in adaptation practices occur in the rainy year, followed by hot and dry years ( Table 1) .
The most frequent adaptation practices entailed by extremely rainy conditions during the year include changes in cultivation practices (86%) -namely more frequent phytosanitary treatments (75%), and soil management practices (34%), making cuts in the middle of the rows to facilitate water drainage. Major variations are also reported in the harvesting dates (that are postponed in the 48% of cases) and the adoption of manual harvesting in place of mechanical harvesting (17%). Farmers are also induced to adapt their winemaking process (43%), in particular by selecting appropriate yeast and blending. Further practices include enrichment, short maceration, and adding sulphites. Eventually, even the marketing strategy of farms needs some adjustments in rainy years, as, due to excessive rainfall, reserve wines cannot be produced and farmers end up selling most of the wine to other cellars or to Large-Scale Retailers.
Hot and dry years register similar variations in adaptation practices. As a first reaction, harvesting dates are anticipated by the large majority of farmers (64% in the hot year and 50% in the dry year). Then, significant changes in cultivation practices are reported (52% and 32% in hot and dry years), most often intensifying phytosanitary treatments. Soil management in the hot and dry years also need some adaptations, particularly concerning soil preparation practices entailing higher rates of mechanical work and plowing to increase soil humidity. Finally, some modifications concern the winemaking process (about 20% of interviewees), including blends and the use of more alcoholtolerant yeast strains as well as dealcoholization in hot year and increased fermentation in dry year.
Switching to a long-run perspective, the large majority of interviewees (87%) think that targeted investments will be needed to reduce the impacts of climate change on wine production in the future. The expected investments include an irrigation system to cope with drought (46%), insurances against natural disasters (43%), while 32% of them consider it necessary to attend training courses to keep track of progress and new technologies. Moreover, various producers intend to introduce changes in the following activities:
harvesting dates -testing new, earlier varieties, early harvesting for acidity increase (48%); soil management practices, such as drainage, inertia and treatment under row, milling reduction and increased fertilization (43%); pruning mode, with a shorter and reduced load (27%); rootstocks -adopting more resistant vines with less grapes per plant) (23%); plant density (16%).
Despite the adaptation practices implemented by producers, the impacts of climate change on production of Sangiovese over the three reference years are appreciable, entailing a general reduction in yields and an increase in production costs (Table 2 ). In particular, the decrease in yield occurs in each of the three years considered, with a lower reduction in the rainy year, due to grapes swelling. This phenomenon allowed to reduce yield loss in terms of weight production; however, it also entailed a decrease in alcohol content. As far as production costs (€/ha) are concerned, in the rainy year they increased by about 20% in the vineyard and by 15% in cellar. This is because more phytosanitary treatments in the vineyard and practices in the cellar (e.g. enrichment, bleeding, short maceration, and sulphite addition) are required.
Results of the cluster analyses
Each of the three clustering procedures carried out considered a different group of drivers affecting farm adaptive capacity to climate change: C1 was based on farm characteristics, C2 was based on farmers' perception on climate change and C3 was based on environmental actions carried out by farmers (Table 3) .
As a result of the first clustering procedure based on the characteristics of wine production and wine making farms (C1), three clusters were obtained. The farms in the first cluster (C1.1) are mostly individual farms with vineyards of 1 to 5 ha in a single plot of land. Most of them have no annual employees and harvest manually, selling their products on both national and international markets, but not in large quantities. Farms in cluster C1.2 are small farms that handle manual grape harvesting and have little investment capacity to purchase high technology equipment. They are medium sized, with annual employees and national and international destination markets. These farms are mainly managed by graduated staffs, who follow training and updating courses in 80% of the cases. The farms belonging to the third cluster (C1.3) are generally large, well structured, with parceled vineyards and good financial capacity, considering the presence of employees and equipment for mechanized harvesting.
The second clustering procedure based on producer perception of climate change (C2) divided the sample in two main clusters: the first one (C2.1), with a clearer perception of the phenomenon than those in the second cluster (C2.2). The Table 2 Impact of climate change at the agronomic and economic levels in the targeted years (% variation). producers in the first cluster are more sensitive and aware of the issue. They are older and therefore, have more personal experience with climatic trends in recent years; they are also mostly educated, with a degree in 43% of the cases; on the other hand, 55% of the producers in C2.2 have a high school degree.
As for the analysis based on the environmental actions (C.3), it is possible to distinguish a more numerous group of farms with a "high environmental attitude" (i.e. 37 certified and organic farms) belonging to C.3.1 and a smaller group of noncertified and non-biological farms belonging to cluster C.3.1 (19 farms).
Interaction between variables
The BN constructed points out some general trends in the sample surveyed and allows to assess the three research hypotheses formulated (Fig. 3) . Further details concerning each research hypothesis formulated can be obtained from the following Tables 4, 5 and 6. H1. Do farm characteristics and producer perceptions of climate change affect farm adaptive capacity acting on the possibility to implement reactive adaptation practices?
Based on the BN results (Table 4) , as well as on the Chisquared tests performed (all p-values are o 0.001), farms in each of the three groups obtained in the first cluster analysis increased the number of practices adopted in all the three years considered, as compared to a standard year.
Further, we observe that farms with parceled vineyards and mechanized harvesting are more likely to implement more reactive adaptation practices, in particular in dry and rainy years. This aspect may relate to the greater organizational, managerial and financial capacity that differentiates them from smaller firms.
However, it is interesting to note that small firms with a single vineyard and no mechanized harvest, registered a 34% probability of implementing a large number of adaptation practices in hot year, compared to medium (10%) or large farms (19%). A possible explanation for this phenomenon is the need to compensate for the lack of an irrigation system with cultivation practices, soil management, and variation in harvest dates.
Also, the BN showed that climate change perception does not significantly affect the number of adaptation practices that wine growers implement in the short-run. Rather, adaptation practices depend more on the structural features of the farm and on yearly weather. In other words, wine growers react to climate issues by adapting their day-to-day production techniques in a reactive form, regardless of their opinion on climate change.
Based on the results of the BN analysis, some interesting considerations can be drawn concerning the relationships between the typology of the adaptation practices implemented, the availability of resources, and the impacts on farm adaptive capacity. More precisely, appropriate agronomic practices, such as changes in harvesting date, soil and water management, and cultivation practices, seem to play a role in the mitigation of the negative impacts of climate change at the agronomic level.
However, we must acknowledge that overall the BN did not return decisive results. Most likely, this is because of the wide Table A1 .
variety of practices registered and the large number of causeeffect relationships entailed, compared to the limited empirical evidence available. Thus, in order to account for the effort made by farmers to limit the impact of extreme climatic conditions, the analysis was repeated considering the number of practices adopted (Table 5) . However, also the number of adaptation practices do not seem to affect grapevine yields, wine alcohol content or production costs, since the Chi-squared tests did not disclose any statistically significant relationship. Again, this is most likely due to the limited number of observations (the Chisquared test may not be valid since more than 20% of the cells if the sub table cell count is less than 5).
Besides the considerations made on the type and number of adaptation practices, some interesting relationships can be spotted between the implementation of environmental actions and the impacts of climate change. In particular we observe that farmers who carry out environmental actions have a higher probability to register no variation in yield, alcohol content and cost in the hot year. The same relationship is not evident in the dry and rainy years, when the difference between values is not very strong. This unclear result may be explained by the fact that environmental actions (in particular environmental and process certification) can add value to the final product in terms of image of the product and of the farm, but they are not related to the technical, managerial and financial capacity to cope with climate change impact. Only if environmental concerns translate into strategic actions (such as increased investments in research and technological development or changes in product and process design) can these represent a competitive advantage by providing greater capability for adaptation to climate change. Table A1 . H3. Do farm characteristics, producer perception of climate change and climatic variability experienced at the farm level affect the intention to implement adaptation strategies?
In the long run, climatic challenges entail the adoption of management and adaptation strategies (new rootstocks, new varieties, irrigation systems, mechanized harvesting, etc.), if producers wish to maintain a sustainable competitive advantage.
Indeed, farmers in each of the group considered showed a high probability to adopt adaptation strategies to safeguard production and to ensure good business performance in the future (Table 6) .
Moreover, while producer perception on climate change may not significantly affect the number of adaptation reactive practices, the BN shows an evident difference for the long-term strategies: producers with a clear perception intend to implement long-term strategies (83% of probability, against 48% for farmers with a vague perception on climate change perception).
These results are confirmed by the Chi-squared tests performed (all p-values are o 0.001).
Conclusions
The study conducted assessed the technical and economic impacts of climate change on wine growing and wine making firms producing Sangiovese in the Emilia-Romagna region, showing that adaptation practices and strategies can largely reduce the potential negative impacts of climate change and climate variability on wine production and farmer income.
Overall, the company characteristics, the perception of the producer of climate change and local climate variability are found to be the main factors affecting farm adaptive capacity.
Specifically, we found that wine growers react to climate issues by adapting their day-to-day production techniques in a reactive form, regardless of their opinion on climate change. Moreover, producer behavior and intention to implement reactive practices and strategies are largely dependent on structural and technical farm characteristics, producer perception on climate change and climate variability.
As a further consideration, the type of agronomic practices and resource (water) availability seem to have a potential impact on yields, wine alcohol content and production costs. In fact, appropriate agronomic practices, such as changes in harvesting date, soil and water management, and cultivation practices, may reduce drastically the negative impacts on yields, but higher costs may occur, especially due to the intensification of plant protection treatments. However, the analysis performed were not really decisive in this respect, and further investigations are necessary.
The study also pointed out that producers who are aware of the ongoing changes in climatic conditions are more likely to implement adaptation strategies suitable to sustain profitability in the long-run.
Overall we argue that there is a need to improve the level of knowledge, information and research on innovative management systems and adaptation options and to provide incentives, specific insurance systems and public investments for the adoption of adaptation and mitigation measures as part of the local supporting policies.
The main implications of the results obtained concern farm strategic orientation and policy support in order to safeguard company performance levels, in a context of changed competitive conditions. Specifically, the study pointed out the need to improve and strengthen the daily climate forecasts at local level, (preferably at the vineyard level), rather than the construction of complex global and long-term forecast models. Furthermore, in the future, farmers will have to adopt appropriate insurance instruments and invest in cost-effective irrigation systems to cope with drought. They should also further increase the practice of mechanization of wine grape harvesting, that is useful for the timeliness and productivity of operations, allowing to speed up the collection and reduce costs. Possible modifications in the PDO production specifications may also be considered especially because of the excessive restrictions in a context of changes both in the climate and in the market.
At the same time, farmers should be supported by appropriate political and financial instruments to implement new actions to adapt and mitigate climate change. For instance, rural development programs, in addition to greening actions, could support company modernization and the strengthening of the research and development component useful for the implementation of innovative adaptation technologies.
The major limitations of the present study relate to the size of the sample surveyed and the limited number of variables considered. Future research should validate and expand the approach proposed by means of a larger survey and including additional relevant factors that can affect the relationships assessed, such as soil related data as a key factor defining the sensitivity of the vineyard to extreme drought or extreme rainfall. The model could also be expanded by calculating the phenological windows of the vine plant, not on the basis of the average annual values for each vineyard, but on the specific actual data from each year. Additionally, in future research, data from other farms and geographic areas can be used to test the BN model with information that was not used in this work, to characterize causal-effects relationships (i.e. CPTs). BNs, in fact, have the possibility to be quickly updated as new information becomes available. Questionnaire -respondents who foresee the implementation of long-term strategies to adapt production to the future -respondents who do not foresee the implementation of long-term strategies to adapt to production in the future
